The AMS-02 collaboration has just released its first result of the cosmic positron fraction e + /(e − + e + ) with high precision up to ∼ 350 GeV. The AMS-02 result shows the same trend with the previous PAMELA result, which requires extra electron/positron sources on top of the conventional cosmic ray background, either from astrophysical sources or from dark matter annihilation/decay. In this paper we try to figure out the nature of the extra sources by fitting to the AMS-02 e + /(e − + e + ) data, as well as the electron and proton spectra by PAMELA and the (e − + e + ) spectrum by Fermi and HESS. We adopt the GALPROP package to calculate the propagation of the Galactic cosmic rays and the Markov Chain Monte Carlo sampler to do the fit. We find that under the conventional assumptions about the background and the extra source of the e − + e + , we cannot fit the AMS-02 and Fermi/HESS data well simultaneously. The AMS-02 data require less electrons/positrons from the extra sources than that required by Fermi/HESS. It may indicate that the model needs to be refined or the data between these experiments have systematic uncertainties. The pulsar scenario generally fits the data better than the DM scenario. Furthermore, the constraints from γ-rays also disfavor the DM scenario to explain the cosmic ray lepton data.
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Introduction
The Alpha Magnetic Spectrometer (AMS-02) was launched in May 2011. After nearly two years operation and analysis, the AMS-02 collaboration has released its first physical result, i.e. the positron fraction e + /(e − + e + ) in cosmic rays (CRs) [1] . The data show very high precision with the energy range from ∼ 0.5 GeV to ∼ 350 GeV. The fraction rises above ∼ 8 GeV up to the energy end at ∼ 350 GeV, which is consistent with the previous PAMELA result of the cosmic positron fraction [2, 3] . The result is NOT consistent with the conventional CR expectation [4] . A great number of works have dedicated to explaining the PAMELA result, either by astrophysical sources [5, 6, 7, 8, 9, 10] or by dark matter (DM) [11, 12, 13, 14, 15] .
To determine the parameters of the CR background and the nature of the extra sources we have to consider all the relevant results. The available results at present include the pure electron spectrum measured by PAMELA [16] and the antiproton flux and ratiop/p [17, 18] by PAMELA. Another important result from PAMELA is the precise measurement of the proton spectrum [19] , which determines the secondary positron spectrum by collision with the interstellar medium (ISM) when propagating in the Galaxy. There are also precise measurements of the total electron and positron (e − + e + ) spectrum, by the Fermi-LAT collaboration [20, 21] and ATIC collaboration [22] . The ground-based atmospheric Cerenkov telescopes HESS also gives measurement of the total e ± spectrum up to higher energies [23, 24] . Fitting to the PAMELA positron fraction data [2] , PAMELA electron spectrum and Fermi/HESS total e ± spectrum shows that both the astrophysical source, such as pulsars, and the DM scenarios can give a good explanation to the data [4] . It is hard to discriminate the two scenarios with the CR spectra mentioned above. As the AMS-02 data show much higher precision and wider energy extension, especially it shows softer behavior than the PAMELA 2008 result, it is necessary to re-examine the previous conclusion with all of the newly available data. In this work we have done such a global fitting to all the relevant data, including AMS-02 e + /(e − + e + ), Fermi and HESS (e − + e + ) total spectrum and PAMELA proton and electron spectra. We adopt the CosRayMC code, which embeds the CR propagation code in the Markov Chain Monte Carlo (MCMC) sampler and enables efficient survey of the high-dimensional parameter space [25, 4] . The CR propagation is treated by the GALPROP package [26] . The CR transportation process in the Galaxy is characterized by the secondary particles. Therefore the secondary-to-primary ratio, such as B/C, (Sc+Ti+V)/Fe, and the unstableto-stable ratio of secondary particles, such as 10 Be/ 9 Be, 26 Al/ 27 Al are often used to determine the propagation parameters [27, 26, 28, 29] . In this work we fix the CR propagation parameters to the values which give the best fitting to the currently available B/C and 10 Be/ 9 Be data with the MCMC method. The fitting process will be reported separately in [30] .
We then fit the parameters of the electrons and positrons to the relevant data, both from the CR background and the extra sources. We emphasize that the global fitting is important because when both components contribute to the observations neither one should be determined seperately. In the work we have considered the continuously distributed pulsars 2 and DM annihilation/decay as two typical scenarios of the extra positron/electron sources. Note that this assumption may be over-simplified, because for energies up to hundreds of GeV the variance comes from discrete distribution of the sources can be very important. The discreteness will make the problem more complicated and uncertain. The current data may not be able to discriminate the continuous scenario from discrete scenario. However, the phenomenological consequences of both scenarios, i.e., the locally spectra of e ± should be similar in order to match the data. The injection parameters of primary electrons are free parameters to be fitted. The cosmic positrons include secondaries from CR interaction with the ISM and the primary ones from the extra sources. The secondary positron spectrum is determined by the spectrum of cosmic protons (including Helium and a few heavier nuclei) and the primary positron spectrum is determined by the nature of the extra sources. In principle the injection parameters of the protons can be fitted independently and then be employed to calculate the secondary positrons. However, since both the proton and electron spectra are measured by PAMELA at almost the same time, they are modulated by the solar activity with a similar magnitude. Therefore, in this work we have adopted two ways to fit the cosmic proton injection parameters: either by fitting the proton spectrum independently or by fitting the proton and electron spectra simultaneously. This paper is organized as follows. We give a brief introduce of the propagation of Galactic CRs in Sec. 2. The experimental data and fitting method are described in Sec. 3. The results are presented in Sec. 4. In Sec.
5 we give discussion about the fitting results, and finally a brief summary is given in Sec. 6.
Cosmic ray propagation
The propagation of charged CRs in the Galaxy is described by the diffusive equation [31] 
where ψ is the density of CR particles per unit momentum interval, Q(x, p) is the source term, D xx is the spatial diffusion coefficient, V c is the convection velocity, D pp is the diffusion coefficient in momentum space used to describe the reacceleration process,ṗ ≡ dp/dt is the momentum loss rate, τ f and τ r are time scales for fragmentation and radioactive decay respectively. D xx is usually assumed to be only rigidity dependent and has a power-law form D xx = D 0 β(R/R 0 ) δ , with δ reflecting the property of the interstellar medium (ISM) turbulence. The reacceleration is described by the diffusion in momentum space. The momentum diffusion coefficient D pp relates with the spatial diffusion coefficient D xx as [32] 
where v A is the Alfven speed, w is the ratio of magnetohydrodynamic wave energy density to the magnetic field energy density, which characterizes the level of turbulence. In the usual way we take w to be 1 and use the Alfven speed v A to describe the reacceleration [32] . The CRs propagate in an extended halo with characteristic height z h , beyond which free escape of CRs is assumed. Thus the major propagation parameters include D 0 , δ, v A , V c and z h . There are publicly available numerical codes to compute the CRs propagation in the Galaxy, such as GALPROP 3 [26] and DRAGON 4 [33] . We have embedded the GALPROP package with the MCMC sampler and fitted to the data to constrain the propagation parameters [30] . 
Recently several groups employed the MCMC technique to fit the CR propagation parameters [34, 35, 36] . Using the currently available data of B/C and 10 Be/ 9 Be, we did an independent MCMC fit to the propagation parameters [30] . We find the reacceleration model gives quite good description to the present data, while the convection model gives worse fitting. Therefore we adopt the reacceleration (i.e., V c = 0) scenario as the starting point of the present study. The values of the propagation parameters we adopted in the work are listed in Table 1 , as given in [30] . We have tested that varying the propagation parameters within extreme ranges allowed by the B/C data [37] , the qualitative results of this work do not change.
Fitting description

Model
The basic framework of the CR model is as follows. The primary sources of CRs, such as the supernova remnants (SNRs), accelerate CR nuclei and electrons and inject them into the Galaxy. These particles then propagate in the Galaxy, experiencing diffusion, reacceleration, interactions and radiation during the propagation process. The interactions with ISM produce secondary particles including the secondary nuclei (such as Li, Be, B, and Sc, Ti, V), positrons, antiprotons and diffuse γ-rays. Such a scenario gives consistent description of most of the CR data as well as the all-sky diffuse γ-ray emission [31] . To distinguish from the extra sources of the e ± as will be described below, we call this component as the background. The model to fit the AMS-02 data includes this CR background (primary nuclei and electrons, and the secondary positrons) and the extra positron/electron sources.
The injection spectra of the primary protons (heavier nuclei are less relevant) and electrons are assumed to be broken power-law functions with respect to the momentum p
where ν 1 and ν 2 are the spectral indices below and above the break momentum p br . In the following we use ν 1 and ν 2 to represent the proton spectrum and use γ 1 and γ 2 to represent the primary electron spectrum. The propagated fluxes of protons and electrons are then normalized to factors A p and A e to get the absolute fluxes. The spatial distribution of the primary CR particles is adopted to be the supernova remnants (SNR) like distribution
where R ⊙ = 8.5 kpc is the distance of solar system from the Galactic center, z s ≈ 0.2 kpc is the characteristic height of the Galactic disk, a and b are the shape parameters which can be fitted according to the survey data of SNRs or other kinds of assumed CR sources. We employ a = 1.25 and b = 3.56 following [36] . For the secondary electrons/positrons we adopt the same GALPROP model to calculate their propagation. The production spectra of the secondary electrons/positrons are calculated using the parameterization given in [38] based on the propagated proton spectrum. A free factor c e + to normalize the secondary positron/electron flux is included in the fitting, which represents the possible uncertainties from the hadronic interactions, propagation models, the ISM density distributions, and the nuclear enhancement factor from heavy elements. A caveat is that the nuclear collision may not be simply scaled from the pp collision, i.e., the nuclear enhancement factor is energy dependent [39] . Since the energy dependence is weak, we keep the constant factor as an approximation here.
About the extra electron/positron sources, we study two popular kinds of sources: the astrophysical sources such as pulsars and the DM annihilation scenario. The injection spectrum of the astrophysical sources is parameterized as a power-law function with an exponential cutoff
where A psr is the normalization factor, α is the spectral index and p c is the cutoff momentum. The source population is taken to be a continuous form with distribution function (4), but with different parameters a = 2.35 and b = 5.56, given in [40] . The effect of nearby isolate sources (e.g., [6, 5, 7] , see also the discussion in Sec. V) is not covered in the present study. Note there were proposals that the hadronic interactions around the CR sources and the subsequent acceleration of the secondary e ± could be responsible for the e ± excesses [10, 41] . Such a scenario is not in conflict with the pulsarlike scenario assumed here (with slight difference of the spatial distribution which has little effect on the charged CR propagation). But we should keep in mind the simultaneously produced antiprotons and secondary nuclei may constrain this model [42, 43, 44] .
For the DM annihilation scenario, the density profile of the Milky Way halo is adopted to be the Navarro-Frenk-White (NFW) distribution [45] 
with r s = 20 kpc and ρ s = 0.26 GeV cm −3 . Such a value of ρ s will correspond to a local density of 0.3 GeV cm −3 . For higher values of the local density as revealed by several recent studies [46, 47, 48] , the annihilation cross section will be different by a constant factor. Since the measurement of CR antiprotons by PAMELA [17, 18] constrain the hadronic annihilation channels strongly [13, 14, 49, 50] , we will focus on the leptonic annihilation channels here. The positron spectrum from the DM annihilation products is calculated using the PYTHIA simulation package [51] .
The CRs at low energy (typically with rigidity below ∼ 30 GV) are affected by the solar environment when entering the solar system, known as solar modulation effect. The force field approximation is often employed to describe the solar modulation effect [52] , which has only one single parameter -the modulation potential φ. However, the low energy data about the positron fraction measured by PAMELA and AMS-02 may imply that the simple force field approximation is not enough to explain the data, and the charge-sign dependent modulation effect is necessary [53, 54, 55] . Therefore, in order to avoid possible inconsistency of the low energy behavior we do not include the AMS-02 data below 5 GeV in our fit. The solar modulation effect for the positron fraction above 5 GeV is negligible [55, 56] .
In summary the full parameter space investigated in this work is
bkg electrons, {A psr , α, p c } or {m χ , σv , ch}, exotic sources, {c e + , φ}, others,
where "ch" represents the channel of DM annihilation, which is set to be one of {µ
and does not enter in the fitting. Such a model works well for the PAMELA and Fermi data [4] . In this study the data to be fitted include the latest positron fraction by AMS-02 [1] , the electron spectrum by PAMELA [16] , the total electron and positron spectra by Fermi [20, 21] and HESS [23, 24] , and the proton spectrum by PAMELA [19] . We choose two ways to deal with the proton spectrum as described in Sec. I: a) to fit it separately, and b) to include it in the global fitting.
Data
Note that the CR spectral hardening at ∼ 200 GV reported by ATIC [57] , CREAM [58] and PAMELA [19] implies that single power-law can not fully describe the high energy spectra of the CR nuclei above ∼ 10 GV 5 . Therefore we only take the PAMELA proton data below 150 GeV in the fit. To better fit the high energy part (and the CREAM data), we need a further break or a curved injection spectrum of the protons [60] .
Since the Fermi and HESS data may have larger systematic uncertainties we also investigate the case without the Fermi/HESS data. The definition of the fittings are compiled in Table 2 .
Results
Fixing the proton spectrum
We first fit the proton spectrum independently with the PAMELA (and CREAM) data. Here we add the high energy CREAM data [58] in the fitting to give a description of the proton behavior in a wider energy range. The best fitting injection parameters of protons are:
GeV and the solar modulation potential φ = 470 MV. The propagated proton spectrum for the best fitting parameters is shown in Fig. 1 . [62] , ATIC2 [57] , PAMELA [19] and CREAM [58] .
We then run the fits I-a, II-a to derive the parameters of CR electrons/positrons with the best fitting proton spectrum. The resulting positron fraction and electron spectrum for the best fitting parameters of each fit, for both the pulsar and DM scenarios, are shown in Figs. 2 -4. For each figure, the panels from left to right correspond to the fits I-a and II-a respectively. The best fitting parameters, mean values and their 1σ uncertainties are compiled in Tables 3 -5 , and the best fitting χ 2 over the number of degree of freedom (dof) are given in Table 6 .
From Fig. 2 we can see that adding a pulsar component can roughly reproduce the AMS-02 positron fraction data and the Fermi/HESS total electron spectra. However, the fitting seems not good enough. The model prediction overproduces the positron fraction compared with AMS-02 data but The positron fraction (upper) and electron spectra (lower) for the background together with a pulsar component of the exotic e ± . The panels from left to right are for fits I-a and II-a respectively. References of the data: positron fraction -AMS [63] , HEAT94+95 [64] , HEAT00 [65] , PAMELA [2] , AMS-02 [1] ; electron -PAMELA [16] , ATIC [22] , HESS [23, 24] , Fermi-LAT [21] .
underproduces total e + e − spectra compared with Fermi/HESS data. This is clearly seen from the fits II-a, in which the constraints of Fermi/HESS data are removed. We see that the fit II-a gives good fit to the AMS-02 data, but deviate from the Fermi data more obviously. It may indicate that the model described in Sec. 3.1 needs to be refined, or there is a tension between the AMS-02 positron fraction and the Fermi/HESS electron spectra 6 . Quanti- 6 The recently reported e ± spectra measured by AMS-02 do show the discrepancy with the Fermi data [59] , which is however, most aparent at low energies. We test the fit I-a with only the Fermi data above 70 GeV, the χ 2 /dof is about 147/114, which means the tension still exists and the basic conclusion does not change even we drop the low energy Fermi data. Better determination of the high energy behavior of the e ± spectra by AMS-02 is necessary to finally solve this problem. tatively, the best fitting χ 2 is about 279 for fit I-a. For 151 dof such a χ 2 means ∼ 6.1σ deviation from what expected. Similar conclusion has also been derived in [13, 66, 67] . Compared with the fitting results with PAMELA positron fraction data [4] , the spectrum of the pulsar component becomes much softer (with powerlaw index ∼ 1.9), which may be more reasonable according to the pulsar modeling [7] . The contribution of e ± from the pulsars is also smaller than previous estimated according to the PAMELA data. Our fit shows that up to TeV the positron fraction is only ∼ 20%, while it is more than 30% or even reaching 40% according to the fitting to the PAMELA data.
Figs. 3 and 4 give the results for the DM annihilation scenario. The fitting results are even worse than the pulsar scenario. For DM annihilation into µ + µ − , the reduced χ 2 for fit I-a is as high as 3.3. The reason of the poor fit is that the positron spectrum from DM annihilation to a pair of µ + µ − is too hard. This can be seen from the top-left panel of Fig. 3 . The DM component will over-produce high energy positrons (> 100 GeV) but underproduce positrons at tens of GeV. For fits I-a, heavy DM with mass ∼ 2 − 3 TeV is required due to the constraints of Fermi/HESS data. If we throw away the Fermi/HESS e ± data (fit II-a), we find the AMS-02 data tend to favor lighter DM particles. In this case the 10 − 50 GeV AMS-02 data can be better reproduced, however, the data above 100 GeV are still difficult to be explained. Due to the lack of constraints from high energy data, this fit may under-estimate the contribution to the e ± excess from DM annihilation. The situation for τ + τ − final state is better. Similar with the µ + µ − channel, the positron spectrum from tauon decay is still too hard. Relaxing the constraints from Fermi/HESS data we find a lighter DM mass, ∼ 550 − 750 GeV is favored. In this case the AMS-02 data can be fitted relatively well. It is interesting to note that even only the AMS-02 data and PAMELA electron data are considered (fit II-a), the mass of DM particles can be constrained in a small region. Such a strong constraint comes from the very high precise AMS-02 data at lower energy (a few tens GeV). However, since Fermi and HESS do observe plenty of electrons/positrons up to TeV energies, and no hint of significant drop of the total e + e − spectra is shown below TeV. Therefore, we should not take these values too seriously. The solid lines show the 95% upper limit of Fermi γ-ray observations of the Galactic center (with normalization of the local density corrected) [68] and dwarf galaxies [69] . Fig. 5 gives the 1σ and 2σ contour for the DM mass and annihilation cross section. But we should keep in mind that such results should not be considered statistically meaningful as the fits are quite bad. The solid lines shown in Fig. 5 are the exclusion limits derived by the Fermi γ-ray observations of the Galactic center [68] and dwarf galaxies [69] . We can see that γ-rays tend to give strong constraints on the DM scenario, especially for the τ + τ − final state. Note, however, the Galactic center results may suffer from uncertainties from the density profile. When calculating the γ-ray constraints the inverse Compton scattering component from the muon/tauon decaying electrons/positrons is not included, therefore these constraints should be somehow conservative.
It should be pointed out that fits II without Fermi/HESS data may underestimate the contribution to the e ± fluxes from the extra sources. The preliminary data of the electron spectrum by AMS-02 extend to ∼ 500 GeV following the median values of PAMELA data without any features [59] also favors the existance of e ± excesses up to sub-TeV. Therefore we may be cautious to use the fits II to interprete the data because the lack of constraints from high energies will lead to improper understanding of the physics. The results of fits II may help understand the behaviors derived in fits I.
We further note that for the DM scenario, the parameter φ is very large. The solar modulation potential is assumed to vary between 300 and 1000 MV in these fits. From Tables 3 -5 we see that almost in all cases the modulation potential tends to the upper end. This might be inconsistent with the fact that PAMELA and AMS-02 work approaching the solar minimum.
Relaxing the proton spectrum
Since the proton spectrum will affect the secondary positron production, and also the determination of the solar modulation parameter, we take the proton spectrum into account and redo the fits (labeled as I-b and II-b). The fitting results with the best fitting parameters are presented in Figs. 6-8. The mean values and the 1σ uncertainties of the model parameters are listed in Tables 7 -9 , and the best fitting χ 2 over dof are also presented in Table 6 . Qualitatively we find that the results are similar with that in the previous subsection.
For the pulsar scenario, the minimum χ 2 for fit I-b is about 288, which corresponds to a ∼ 3.9σ deviation from what expected for 205 dof. Compared with the fits of fixed proton spectrum, the injection spectrum of positrons from pulsars is a little bit softer here. This is because the proton spectrum here is also softer than that in the previous subsection. Therefore a softer pulsar-induced positron spectrum is required to give more tens of GeV positrons and to compensate the effect of a softer proton spectrum. The DM scenario fits worse than the pulsar scenario. As we have discussed, the reason is that the DM-induced positron spectrum is too hard. The 1σ and 2σ confidence level contours on the m χ − σv plane for the fits are shown in Fig. 9 . The parameter regions differ only slightly from that derived in the previous subsection (Fig. 5) . The strong constraints on the DM model from γ-rays are not changed. From Figs. 7 and 8 we note that the proton spectrum can not be well fitted for the DM scenario. This is also due to the hard positron spectrum from DM annihilation into muons and tauons. A harder proton spectrum will produce more positrons above ∼ 10 GeV, which will compensate the lack of positrons from the hard spectrum of the DM component. If we reduce the constraints from Fermi/HESS data (fits II-b), we see that the proton spectrum fits the data better.
We also note from Figs. 7 and 8 that when not including Fermi/HESS data the DM scenario does not give a good description to the high energy end of the AMS-02 data, which is different from the pulsar case shown in Fig. 6 . This is because the positron spectrum is determined once the mass of DM and its annihilation final states are given. To have a minimum χ 2 the mass of DM (i.e. the shape of the positron spectrum) is usually determined by the data at tens of GeV where the errors are very small, instead of the behavior of the high energy end data.
The solar modulation potential φ and c e + at the DM case are larger than that in the pulsar case. The reason is that the DM spectrum is always harder than the pulsar case. To fit the AMS-02 data at tens of GeV, which are very precise, larger φ and c e + can give relatively higher flux of positrons in this energy range. 
Further tests
To better understand how soft a positron spectrum from the extra sources is needed, we show in Fig. 10 the 2σ range of source spectra from pulsars at the solar location with shaded regions. The 2σ range is defined with ∆χ 2 = χ 2 − χ 2 min = 22.7 for 13 fitting parameters. For comparison the DM induced positron spectra for µ + µ − , τ + τ − , W + W − and bb channels are also shown. The mass of DM particle is taken to be m χ = 1 TeV and a free flux normalization is adopted. It is shown that the positron spectra from DM annihilation in the µ + µ − and τ + τ − channels are much harder than the pulsar component. For the W + W − and bb channels the spectrum is softer and we would expect a better fit to the data.
As a test we run the fit II-a with DM annihilation to W + W − and bb final states. We find the χ 2 values become slightly smaller (∼ 52.7 for both W + W − and bb) than that of τ + τ − . The positron fraction and electron spectrum for the best fitting parameters are shown in Fig. 11 . It is shown that the AMS-02 positron fraction data can be reproduced in this case.
However, it is well known that the PAMELA antiproton data and Fermi γ-ray data set very stringent constraints on the DM annihilation into quark and gauge boson final states [49, 50, 70, 71] . Fig. 12 shows the two dimensional contours on the m χ − σv plane for the W + W − and bb channels and the 95% exclusion limits on DM annihilation to bb and W + W − channels by Fermi observation of dwarf galaxies [69] . It is shown that the DM scenario is disfavored to explain the e ± excesses. 
Discussion
Uncertainties of the theoretical model
Since the AMS-02 data are very precise, any uncertainties previously thought to be not important may affect the fitting result. As we note above the positron spectrum around tens of GeV may affect the fitting result sensitively. Therefore the change of the shape of background may affect the fitting results. There are quite a few sources of such uncertainties, such as the propagation parameters, the hadronic interaction models, and so on.
In this work we use the Kamae et al. (2006) parameterization of the pp collision [38] . As shown in [72] there were remarkable differences between different hadronic models. The Kamae et al. (2006) parameterization included more processes than before and was calibrated with recent data [38] . However, it depends strongly on the Monte Carlo simulations. Therefore we also test the fitting with old pp collision parameterization [73] . The results show quantitative difference from that shown above. But, all the conclusions made in the previous section keep unchanged.
We assume single power-law of the high energy (> 10 GeV) proton spectrum and neglect the spectral hardening around 200 GeV. Through introducing another break of the proton spectrum at ∼ 230 GeV we can get better fit to the data. We have tested that in such a case the fitting results in this work change a little in numbers and the conclusions are not affected.
Alternatives of the primary electrons
As revealed by ATIC, CREAM and PAMELA measurements, the nuclei spectra have a hardening above ∼ 200 GV [57, 58, 19] . It is possible that the primary electron spectrum also has a similar hardening at high energies. By including such a modification of the primary electron spectrum may soften the tension and improve the fitting [74, 75] .
It is also possible that the continuous assumption of the primary electron sources breaks down at energies above ∼ 100 GeV. The variance due to nearby SNRs may result in deviation of the primary electron spectrum from power-law assumption and mimic the spectral hardening behavior [76] . In this case all the data may be fitted simultaneously. 
Two or more components of the extra e ± sources
It is possible that there are more than one components of the primary sources of positrons. For example for the pulsar scenario, the far away pulsar population may contribute to a "background" component, and several nearby pulsars may give very distinct contributions to the positron spectrum [6] . Such a picture may help to improve the fitting to AMS-02 and Fermi/HESS e ± data. The "background" pulsars may give most contributions to the AMS-02 positron excesses, while the nearby sources can contribute mainly at high energies to reproduce the Fermi/HESS data. However, the detailed modeling in [77] seems that it is not easy to reconcile different datasets without changing the spectrum of the primary electrons.
To improve the DM scenario
Finally we discuss the possibilities to improve the DM scenario to give better explanation of the current data. First we need softer and broader spectrum of positrons from DM. Therefore if the annihilation final state is not two-body state but four-body, eight-body etc., softer positron spectrum may be generated. A mixture of leptonic channels and hadronic channels may also give a broader spectrum (see Fig. 10 ). Second we have to consider how to avoid the constraints from γ-rays and antiprotons. Decaying DM scenario is better since the constraints from γ-rays are less stringent [78, 79] . As for the antiproton constraints, very massive DM particle may avoid the current bounds set by the PAMELA data [13] .
Summary
In summary in this work we give a systematical investigation of the models to explain the cosmic e ± excesses, based on the newest AMS-02 data of the positron fraction and other data from PAMELA, Fermi and HESS. Both the pulsar-like scenario and DM scenario as the extra primary e ± sources are studied. Our findings are as follows.
• It is found that under the present framework it is difficult to fit the PAMELA/AMS-02 data and Fermi/HESS data simultaneously. The AMS-02 positron fraction data requires less positrons from the extra sources than that needed by Fermi/HESS data. It may indicate that either the model needs to be refined or there is inconsistency between different data sets. The latter possibility seems to be proved by the preliminary data of the total e + e − spectrum by AMS-02 [59] .
• Pulsar-like models can fit the data better than the DM scenario. The spectral index of the positrons injected by the pulsars is about E −2 , which is much softer than that derived when using the PAMELA positron fraction data.
• If we fit only the AMS-02 positron fraction and PAMELA electron spectrum data both the pulsar-like and DM annihilates/decays into τ + τ − , W + W − and bb can fit the data. However, due to the lack of constraints from high energy range, these fits seem to under-estimate the constribution of the extra sources to the lepton fluxes.
• Due to the strong constraints from antiprotons and γ-rays, the DM annihilation scenario (into two body final states) seems not easy to be consistent with all of the current data.
Our study illustrates the remarkable potential on understanding the physics of the e ± excesses from the very precise measurement done by AMS-02. According to the PAMELA positron fraction data, the pulsar-like and DM scenarios are almost identical [4] . Given the AMS-02 precise measurement, the differences between different scenarios become to appear. We are looking forward to more data with higher precision from AMS-02 to further shed light on the understanding of the fundamental questions of both astrophysics and particle physics.
